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INTRODUCTION 

Reliability and power capacity are the only factors in. the 
operation of aircraft engines that are of greater Importance than 
fuel economy. A reduction in engine specific fuel consumption will 
result in either increased range or increased useful load. If min- 
imum fuel consumption at any power output is to be achieved, the 
most favorable conditions of engine operation must be selected. 

Swan and Morlay (reference 1) in 1351 conducted tests with a 
multicylinder engine, the results of whioh showed that at low 
powers the specific fuel consumption could be reduced by decreasing 
the mixture strength and advancing the ignition timing. Investiga- 
tion of the fuel consumption of a Wright R-1O20-G cylinder and of 
a Pratt & Whitney R-1540-L cylinder (reference 2) indicated that 
the optimum oparlr advance for lean mixtures varied from 50° to 
C0° B.T.C f , depending upon the engine speed and manifold pressure. 

In single- cylinder tests of a Wright R-1820-G cylinder (reference 3) 
operation with lean mixtures and advanoed spark timing resulted In 
a deoroase in the specific fuel consumption at cruising conditions. 
Pierce (reference 4) found that the specific fuel consumption of a 
Wright G200 series engine can be decreased almost 10 percent by the 
proper choice of compression ratio and spark advance, provided that 
suitable fuel is UBed. 

Results are presented herein of tests conducted during Septem- 
ber 1944 at the 1TACA laboratory at Cleveland with an air-cooled, 
radial aircraft engine to determine the reduction in the brake spe- 
cific fuel consumption that would result frem operating with a very 
low fuel-air ratio and an increased spark advance. Computed values 
of the brake specific fuel consumption corrected for cooling-air 
drag are also given. 
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APPARATUS AND TEST PROCEDURE 

Tests were conducted with a Wright R-1820-97 engine mounted 
on a test stand. The engine power was ah sorted hy a hydrcsnatic 
flight propeller, and the engine speed was controlled hy a hydro- 
matlc constant- speed governor. The brake mean effective pressure 
was determined hy means of a hydraulic torquemeter. The fuel used 
was AN-F-28, Amendment-2, and the fuel flow vas measured with a 
calibrated rotameter. 

The combustion air was measured hy observing the pressure 
differential across the air diephragm in the regulator unit of the 
carburetor. The carburetor and its inlet elbow were calibrated 
prior to these tests In a carburetor air box. The standard exhaust- 
collector ring was replaced by stub stacks to allow observation of 
the exhaust flames from each cylinder. A test ring cowl was used 
on the engine., and additional cooling air was obtained by means of 
an axial -flow fan that drew air across the engine. Cooling-air 
quantities were determined by using the baffle pressure drops and 
a calibration curve furnished by the engine manufacturer. 

The engine conditions for the tests were as follows: 


Engine speed, rpm 1900 

Brake horsepower 600 

Spark advance, degrees B.T.C 20, 30, 35, 40 

Maximum rear- spark-plug-bushing temperature, °F 400 


An engine speed of 1900 rpm was used because at lower speeds the 
available boost vae Ins ufficient to maintain the required power at 
low fuel-air ratios. 

A series of test runs was made at each of the foregoing spark 
advances. In each of which the fuel-air ratio was varied from about 
0.088 to 0.C55. The rear- spark-plug-bushing temperature of the 
hottest cylinder was held constant at 400° F for all of tho runs 
except the one at a spark advance of 40° B.T.C. by varying the 
quantity of cooling air. At this spark advance the capacity of the 
cooling-air fan was sufficient only at the low and the high fuel- 
air ratios. 
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RESULTS AND DISCUSSION 
Brake, Specif io Fuel Consumption' without 
Consideration of Cooling-Air Drag 

The variation of brake specific fuel consumption with fuel-air 
ratio at spark advances of 20°, 30°, 35°, and 40° B.T.C. is shown in 
figure 1. At the spark advance that is standard for the engine, 

20° B.T.C . } a minimum brake specific fuel consumption slightly greater 
than 0.44 pound per brake horsepower-hour was obtained at a fuel-air 
ratio of 0.063. With a spark advance of 40° B.T.C. and at a fuel-air 
ratio of 0.056, the brake -specific fuel consumption was somewhat 
greater than 0.41, which is about 7 percent less than the minimum 
obtained with a spark advance of 20° B.T.C. Attempts to operate the 
engine at a fuel-air ratio lower them about 0.055 were unsuccessful. 
Reducing the fuel-air ratio below this value caused the engine to 
misfire and operation became -unstable. Although the values of brake 
specific fuel consumption given herein may not be the same as those 
obtained in flight, the relative decrease resulting frem a reduction 
in fuel-air ratio and an advance in spark timing should be approxi- 
mately the sane for an engine in flight. 


Broke Specific Fuel Consumption Corrected for Cooling-Air Drag 

The quantity of cooling air required to maintain a maximum rear- 
• spark- plug- bushing temperature of 400° F increaesd with an advance 
in spark tlmlrg. Figure 2 shows the variation of average required 
baffle pressure drop, corrected for inlet-air temperature, with fuel- 
air ratio for the four spark advances. 

The data taken with a spark advance of 40° B.T.C, and fuel-air 
ratios of 0.068 nnfl 0.076 were also corrected to show the baffle 
pressure drop that would have been required to maintain the rear- 
spark-plug-hushing temporature at 400° F. The method used in apply- 
ing this correction was adapted from reference 5. The constants 
used in^ making the correction were obtained from reference 6, 

The additional horsepower required because of the cooling-air 
drag to maintain a maximum rear- spark-plug-bushing temperature of 
400° F was calculated using the equation 



hpj) cooling-air drag horsepower 

Q volume rate of air flow, cubic feet per second 
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Ap measured ‘baffle pressure drop, pounds per square foot 

a ratio of Islet ’ coollsg-alr density to density of air at 

29.92 inches of meroury absolute and 59° F 

Figure 3 shows that the cooling-air drag horsepower required to 
maintain a maximum rear-sperk-plug-bushlng temperature of 400° F 
increased when the spark timing was earlier than 20° B.T.C. The 
values of oAp used in calculating the cooling-air drag horsepower 
were taken from the faired curves in figure 2, 

The brake specific fuel consumption corrected for cooling-air 
drag was calculated from the following equation, obtained from ref- 
erence 7, by using the cooling-power requirements given in figure 3: 



where 

W weight rate of fuel flow, pounds per hour 
bhp brake horsepower 

T) propeller efficiency (assumed to be 0.3 for these cal dilations) 

The variation of brake specific fuel consumption, corrected for 
cooling-air drag, with fuel-air ratio at the four spark advances is 
shown in figure 4. With a spark advance of 20° B.T.C. , the minimum 
corrected brake specific fuel consumption was about 0.45 pound per 
brake horsepower- hour at a fuel-air ratio of 0.062, The minimum 
correctod brake specific fuel consumption with a spark advance of 
40° B.T.C. and at a fuel-air ratio of 0.055 was somewhat over 
0.42 pound per brake horsepower- hour. The reduction in the corrected 
brake specific fuel consumption represents a fuel saving from 5 to 
6 percent. An additional fuel saving might be possible if stable 
engine operation could be maintained at fuel- air ratios lower t han 
those found possible under the test conditions and at a spark advance 
of 40° B.T.C. or earlier. This possibility is indicated by tho curves 
in figure 4. 


SUJMHKY OF RESULTS 

Tests with a Wright R-1820-97 engine at 600 brake horsepower, 
at an engine speed of 1900 rpm, and with variable spark advance and 
fuel-air ratio gave the following results: 



BACA ABR No. ESBOlb 


5 



1. Advancing -Hie spark from 20° B.T.C. to 40° B.T.C. and 
reduolng the fuel-air ratio from 0.063 to 0.056 resulted In a 
reduotian In brake specif lo fuel consumption of about 7 percent. 

2. Advances In spark timing greater than 20° B.T.C. resulted 
In a considerable increase In cooling-air requirements. 

3. When the cooling-air drag was considered In computing the 
net power output, the reduction In brake speolflo fuel consumption 
was between 5 and 6 percent. 
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Figure 1. - Variation of brake specific fuel consumption with fuel -air ratio at four spark advances. 
Wright R-1820-97 engine; brake horsepower, 600; engine speed, 1900 rpm; maximum rear-spark-plug 
bushing temperature, 1^00° F# 
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Fuel -air ratio 


Figure 2. - Variation of cooling-air baffle pressure drop required to maintain a maximum rear-spark- 
plug- bushing temperature Tj, of U00° F at four spark advances. Wright R-1820-97 engine ; brake 
horsepower, 60Q; engine speed, 1900 rpm. 
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Cooling-air drag horsepower 
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Fuel-air ratio 

Figure 3»~ Variation of required cooling-air drag horsepower with fuel-air ratio at four 
spark advances. Wright H-1820-97 engine; brake horsepower, 600; engine speed, 1900 rpm; 
maximum rear-spark -plug-bushing temperature, 400° F. 
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*ake specific fuel consumption corrected 
for cooling -air drag, lb/bhp-hr 



Fuel -air ratio 

Figure if.*- Variation of brake specific fuel consumption corrected for cooling-air drag 
with fuel-air ratio at four spark advances. Wright R -1820-97 engine; brake horse- 
powgr^ 600; engine speed, 1900 rpm; maximum rear- spark -plug -bushing temperature , 
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